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DWWUDFWLYH VRXUFHV IRU WKH JHQHUDWLRQ RI KLJK
EULJKWQHVVODVHUUDGLDWLRQ>±@
7KH FRPELQDWLRQ RI D VXUIDFHHPLWWLQJ VHPL
FRQGXFWRUJDLQHOHPHQWDQGDEXONH[WHUQDORSWLFDO
FDYLW\KDVHQDEOHG6'/VWRSURGXFHPXOWL:DWW
OHYHO VLQJOHWUDQVYHUVHPRGH RSHUDWLRQ ZLWK IXQ
GDPHQWDO HPLVVLRQ ZDYHOHQJWK UDQJLQJ IURP WKH
UHG WR P >± ±@ )XUWKHUPRUH HIILFLHQW
LQWUDFDYLW\ QRQOLQHDUIUHTXHQF\FRQYHUVLRQ LQ WKH
VH ODVHUVKDVSHUPLWWHGRXWSXW IURPWKHXOWUDYLROHW
> ±@ WR WKH PLGLQIUDUHG >@ 6R IDU WKHVH
VRXUFHV KDYH SULPDULO\ EHHQ RSHUDWHG LQ FRQ
WLQXRXVZDYH >±@RUTXDVLFRQWLQXRXVKLJK
UHSHWLWLRQUDWH PRGHORFNHG UHJLPHV >@ FDSLWDO
L]LQJRQ WKHQDQRVHFRQGXSSHUVWDWH OLIHWLPHFKDU
DFWHULVWLFRI WKH,,,±9VHPLFRQGXFWRUJDLQVHFWLRQ
+RZHYHU UHFHQWO\ WKHUHKDVEHHQ LQFUHDVHG LQWHU
HVW LQ LQYHVWLJDWLQJ WKHLU SRWHQWLDO DV VRXUFHV RI




GHPRQVWUDWH DQ DOWHUQDWLYH PHWKRG FDYLW\GXPS
LQJZKLFKH[SORLWVD&:SXPSHGJDLQVHFWLRQDQG
DQ LQWUDFDYLW\ DFRXVWRRSWLF GHIOHFWRU WR JHQHUDWH
ZDYHOHQJWKWXQDEOH QDQRVHFRQG SXOVHV IURP DQ
6'/7KLVDSSURDFKEHQHILWV IURPUHDG\DFFHVV WR
WKHKLJKSRZHULQWUDFDYLW\ILHOGVLQKHUHQWO\DVVRFL
DWHG ZLWK 6'/V WR IDFLOLWDWH KLJKHQHUJ\ SXOVHG
HPLVVLRQDQGLVLQSULQFLSOHDSSOLFDEOHWR6'/VDW
DQ\ ZDYHOHQJWK )XUWKHUPRUH LW FDSLWDOL]HV RQ D
VLPSOHLPSOHPHQWDWLRQRIWKHPRGXODWLRQWRJHQHU
DWH SXOVHV RI FRQWUROOHG UHSHWLWLRQ UDWH DV KLJK DV
WHQV RI PHJD+HUW] LQ FRQWUDVW WR GLUHFW SXPS
PRGXODWLRQ)LQDOO\ LW UHDGLO\RIIHUV WKHDELOLW\ WR







SURSRVHG LQ HDUO\SDSHUV RQFDYLW\GXPSHG VROLG
VWDWH ODVHUV >±@ $ IRXUPLUURU FDYLW\ ZDV




7KH VHPLFRQGXFWRU VWUXFWXUH LQFOXGHV 
VWUDLQFRPSHQVDWHGTXDQWXPZHOOV 4:VGLVWULE
XWHGRYHUDQWLQRGHVRI WKHRSWLFDO ILHOGDQGD
SDLU $O*D$V$O$V GLVWULEXWHG %UDJJ UH
IOHFWRU $Q DFRXVWRRSWLF PRGXODWRU $20 ZDV
SODFHGDWWKHZDLVWRIWKHODVHUPRGHPRGHUDGLXV
PEHWZHHQ PLUURUV0DQG0 VHH)LJXUH
ZLWK WKH RXWSXWEHDP H[WUDFWLRQEHLQJFDUULHG RXW
DVGHVFULEHGLQ>@
7KH PRGXODWRU KDG SODQHSODQH SDUDOOHO VXU
IDFHVZLWKDQWLUHIOHFWLRQ$5FRDWLQJVFHQWHUHGDW
QP $ PPWKLFN ELUHIULQJHQW ILOWHU %5)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SRZHURIXS WR:7KHSXPSVSRW GLDPHWHU RQ
WKHJDLQHOHPHQWZDVaP7KH ODVHUJDLQHOH













7KH FU\VWDO TXDUW] $20 SURYLGHG   VLQ
JOHSDVVGLIIUDFWLRQHIILFLHQF\RIWKHOLQHDUO\SRODU
L]HGEHDPZLWK LWVSRODUL]DWLRQSODQHSHUSHQGLFX
ODU WR WKH DFRXVWLF SURSDJDWLRQ GLUHFWLRQ DW
QP 7KH DFRXVWLF IUHTXHQF\ RI 0+] LQ
VLGHWKH$20ZDVH[FLWHGE\DGULYHUZLWKDQDY
HUDJH5)SRZHURI:
7KH GHVLUHG ODVHU SXOVH UHSHWLWLRQ UDWH ZDV
FRQWUROOHG E\ WKH H[WHUQDO IUHTXHQF\ JHQHUDWRU
ZKLFK WULJJHUHG WKHGULYHU7KHIUHTXHQF\JHQHUD
WRU GHOLYHUHG VTXDUH SXOVHV ZLWK D  WR QV RQ
WLPHSXOVH GXUDWLRQ ULVHIDOO WLPH RIQV ZLWKLQ
WKH IUHTXHQF\ UDQJH IURP N+] XS WR 0+]
7KH GLIIHUHQFH LQ DSSOLHG SXOVH GXUDWLRQ IRU WKH
YDULRXVUHSHWLWLRQUDWHVLVH[SODLQHGEHORZ
%RWKGLIIUDFWHGEHDPVZHUHPHDVXUHGWRKDYH
WKH VDPH RXWSXW SRZHU DQG SXOVH GXUDWLRQ 7KH
H[SHULPHQWDO UHVXOWV EHORZ ZLOO ILUVW EH SUHVHQWHG
IRU RQO\ RQH RI WKH H[WUDFWHG EHDPV 2XWSXW 
VHH)LJXUH
,WZDVSRVVLEOHWRFRPELQHERWKRXWSXWVLQWRD
VLQJOH EHDP E\ UHIOHFWLQJ ³2XWSXW ´ EDFN LQWR
WKHUHVRQDWRUE\WKHPLUURU07KHUHVXOWVRIVXFK





7KH GHSHQGHQFH RI WKH DYHUDJH RXWSXWSRZHU
RIWKHGLIIUDFWHGEHDPRQWKHLQFLGHQWSXPSSRZHU
RQ WKH GLDPRQGVHPLFRQGXFWRU VWUXFWXUH LV SORW
WHGLQ)LJXUHD
7KHFKDUDFWHULVWLFUROORYHULQWKLVSRZHUWUDQV
IHU FXUYH LV REVHUYHG DW a: RI SXPS SRZHU





7KH IUHTXHQF\ UHVSRQVH RI WKLV FDYLW\ GXPS
LQJVFKHPHZDVVWXGLHGXVLQJDQVGXUDWLRQ5)





GRZQ WR  - DV WKH $20 VLJQDO IUHTXHQF\ LQ
FUHDVHG IURP N+] XS WR 0+] ZLWK D FXWRII
IUHTXHQF\GHILQHGDV WKHIUHTXHQF\IRUZKLFK WKH





UDWH D IDFW ZKLFK ZLOO EH H[SODLQHG EHORZ 7KH
FRUUHVSRQGLQJ SHDN SRZHU RI WKH SXOVH WKHUHIRUH
KDG WKH VDPH GHSHQGHQFHXSRQ WKH5) VLJQDO IUH
TXHQF\ DQG UHDFKHG LWV PD[LPXP YDOXH RI a:
DW aN+] DQG EHORZ VHH )LJXUH  E ULJKW
KDQG YHUWLFDO VFDOH 7KH VLPLODULW\ EHWZHHQ WKH
IUHTXHQF\UHVSRQVHVREWDLQHGIRUSXPSSRZHUVRI
DQG:)LJXUHEVXJJHVWVWKDWWKHFDYLW\
EXLOGXS WLPH LV RQO\ ZHDNO\ GHSHQGHQW RQ SXPS
SRZHU
























,W FDQ EH REVHUYHG WKDW DW KLJK UHSHWLWLRQ
UDWHV WKH LQWUDFDYLW\ILHOG LVQHLWKHUUHVWRUHG WR LWV
PD[LPXPYDOXHQRUIXOO\GHSOHWHG H[SODLQLQJ WKH
GURS LQ SXOVH HQHUJ\ :H DOVR QRWH WKDW WKH ILHOG





DW KLJK IUHTXHQFLHV QDPHO\ 0+] RQ WKH 5)
SXOVH GXUDWLRQ LV VKRZQ LQ)LJXUH E $V LOOXV
WUDWHG WKH LPSURYHG SHDN SRZHU SHUIRUPDQFH DV
VRFLDWHGZLWKVKRUWHU5)SXOVHVUHVXOWVIURPDEHW




















UHGXFHG 5) SXOVH GXUDWLRQ DQG WKH ILQLWH QV
VZLWFKLQJWLPHVRIWKH$20GULYHUDOVRGHFUHDVHV
WKH HIIHFWLYH $20 GLIIUDFWLRQ HIILFLHQF\ IURP
  GRZQ WR   ZKLFK LQ WXUQ IXUWKHU HQ
KDQFHVWKHDERYHGHVFULEHGHIIHFWV7KLVRSWLPL]D
WLRQ RI WKH RXWSXW HQHUJ\ ZDV WKH SULPH GHWHUPL
QDQWRIWKHVHOHFWHGODVHUGULYLQJFRQGLWLRQV
:DYHOHQJWK WXQDELOLW\ RI WKH FDYLW\GXPSHG
HPLVVLRQZDVUHFRUGHG WRUDQJH IURPaXS WR







SDULVRQ ZLWK WKH WXQDELOLW\ RI WKH ODVHU ZLWKRXW
$20)LJXUHVTXDUHVZDVOLPLWHGRQO\E\WKH
FKDUDFWHULVWLFVRIWKH$5FRDWLQJVRIWKH$20
7KLV GHPRQVWUDWHV WKDW WKH DOOLPSRUWDQW WXQ
LQJFKDUDFWHULVWLF LVUHWDLQHGLQWKLVIRUPRIRSHUD










7KH ILQH VWUXFWXUH LQ WKH RXWSXW SXOVH VSHF
WUXP)LJXUHELVW\SLFDOIRUWKH6'/ZLWKWKH
KHDWVSUHDGHURQWRSRIWKHJDLQPDWHULDODQGLVDV
VRFLDWHG ZLWK WKH HWDORQPRGHV RI WKH GLDPRQG
KHDWVSUHDGHUPHQWLRQHGDERYH
%HDPSURILOH VHH)LJXUH D LQVHW DVVHVV




WR D SXOVH HQHUJ\ RI - VHH )LJXUH  E 7KLV
FRXOGEH IXUWKHU LPSURYHGE\DGMXVWLQJ WKH FDYLW\














7KH SHUIRUPDQFH RI WKH ODVHU ZKHQ WKH WZR
RXWSXWEHDPV2XWSXWVDQGDUHFRPELQHGLV
VKRZQLQ)LJXUH7KHSXOVHHQHUJ\ULVHVWRa-
)LJXUH  D ZKLOVW WKH ):+0 SXOVH GXUDWLRQ
LQFUHDVHVWRQV)LJXUHEVROLGOLQH















F\ RI WKH DFRXVWLF ZDYH JHQHUDWHG LQ WKH $20
7KLVLVFRQVLVWHQWZLWKWKHIDFWWKDWDIUDFWLRQRIWKH
UHIOHFWHGEHDPLVIHGEDFNLQWRWKHFDYLW\DQGWKLV





,Q FRQFOXVLRQ ZH UHSRUW ZKDW ZH EHOLHYH WR
EHWKHILUVWGHPRQVWUDWLRQRIDFDYLW\GXPSHG6'/
IRU WKH JHQHUDWLRQ RI ZDYHOHQJWKWXQDEOH PLFUR





)XUWKHUPRUH LW LV LQ SULQFLSOH DSSOLFDEOH DW DQ\
IXQGDPHQWDO HPLVVLRQ ZDYHOHQJWK DW ZKLFK 6'/V
KDYH EHHQ GHPRQVWUDWHG FXUUHQWO\ QP ±
ȝP 6WDEOH SXOVH WUDLQV ZLWK UHSHWLWLRQ UDWHV
YDU\LQJ IURP N+] WR 0+] DQG D SXOVH SHDN
SRZHURI:DQGEHDP0IDFWRURIîZHUH
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0<DUERURXJK<</DL<.DQHGD>DQGRWK
HUV@  $SSOLHG 3K\VLFV /HWWHUV ± ʋ 
±±ʋ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&KDQJ + / (IILFLHQW KLJKSHDNSRZHU $O
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WLFDO LQZHOO SXPSLQJ  + / &KDQJ 6 & +X
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SXPSHG E\ D 4VZLWFKHG 1G*G92 ODVHU 
6 & +XDQJ + / &KDQJ . : 6X >DQG RW






1G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